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Stimulated by recent observations of the excited bottom-strange mesons B^i and B*2, we calcu- 
late the semileptonic decays Bso, -B^i, Bsi, B*2 ^ [Ds(1968), D,*(2112), Dsj{2317), Dsj{2i60)]eu, 
which is relevant for the exploration of the potential of searching these semileptonic decays in ex- 
periment. 

- - - PACS numbers: 12.38.Lg, 12.39.Fe, 12.39.Hg 
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^ . I. INTRODUCTION 

D 

■ Recently, the CDF collaboration announced the observation of two orbitally excited narrow Bs mesons. Their 
^ ; masses are m^^^ = 5829.4 ± 0.7 MeV and tub*^ = 5839.6 ± 0.7 MeV Q. Later the DO collaboration confirmed the 
^ ■ B*2 state with ms*, = 5839.6 ± l.l(stat.) ± 0.f(syst.) MeV 0. Meanwhile, the DO collaboration indicated that B^i 

' was not observed with the available data set In the heavy quark effective theory (HQET), the charmed or bottom 

. mesons can be categorized into doublets since the angular momentum of the light components j£ is a good quantum 
number in the mg — > oo limit. They are jf = \ the H doublet (0~, 1~) with the orbital angular mommrent L = 0, 

CLi' j[ = the S doublet (0+, 1+) and if = |"^, the T doublet (l+,2+) with L = 1. The recently observed Bsi and 
mesons belong to the T doublet UilM- 
The observations of Bsi and B*2 [ll, l2l not only enrich the mass spectrum of the bottom-strange system^ but 
also inspire our interest in these two unobserved P-wave bottom-strange mesons. Since Bsi and B*2 lie above the 
\^ • thresholds of BK and B*K, their strong decay is dominant. In our recent work we calculated the strong decays of 
' Bsi and BI2 with the ^Pq model. Our result indicates that the two-body strong decay widths of Bsi and i?*2 can reach 

■ up to 98 keV and 5 MeV, respectively. In contrast, Bso and B'si were generally speculated to lie below the threshold 
' of BK and B*K in Ref. In fact, they are expected to be narrow resonances with a width around several tens of 
. keV since their main decay modes are the isospin-violating strong decays and electromagnetic decays. These two 

• ' states are still missing in the experiments. Up to now, they have not been observed experimentally. 
JlO , The semileptonic decays of Bso, B'^^, Bgi, B*2 have not been explored. In this work, we will calculate the 
S ■ semileptonic decays Bso, B'^^, Bsi, BI2 [-0^(1968), D;(2112), 15^,7(2317), £>5,7(2460)]€P in the framework of the 
; constituent-quark meson (CQM) model, where (1)5(1968), D*(2112)) and {Dsj{2in), Ds.j{2Am)) belong to H and S 
•• • doublets of the bottom-strange meson respectively. 

Through the present investigation, we want to learn the potential of searching the semileptonic decays of Bsi, B*2, 
Bso and B'^^ in future experiments such as CDF, DO and the forthcoming Large Hadron Collider beauty (LHCb). If 
' these semileptonic decays can be reached by the future experiments, one may compare the bottom-strange mesons with 
5^ , these two exotic charm-strange states Dsj{2317) and Dsj(2460) through the semileptonic decays. The observations 
of the above narrow charm-strange mesons have resulted in an extensive study of their properties in the past five 
years^. 

This work is organized as follows. After the introduction, we briefly introduce the theoretical framework, i.e. the 
CQM model. In Section Hill the formulation relevant to the semileptonic decays of Bsi, B*2, Bso and B'si will be 
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^ Besides Bsi and B*2 observed by CDF and DO, there are only two established bottom-strange states {Bs and B*) listed in Particle 
Data group (PDG) so far [||. 

^ i?sj(2317) and Dsj{2A60) with spin parity structures = 0^ and = 1"*" 0, H 3 have inspired heated debates about their 
structures. A detailed review can be found in Ref. llOl . Possible interpretations include the (0+, 1+) chiral partners of Ds and D* llll . 
P-wave excited states of Ds and D* [12|| . coupled-channel effects between cs states and the DK continuum [l3j. conventional cs states 
Il4l ll5ll . four-quark states [TtI. |18| . [l9ll etc. Considering the large contribution of the S-wave DK continuum in the QCD sum rule (QSR) 
approach, the mass of D*j (2317) agrees well with the experimental value IT6| . Therefore, D*j(2317) and Dsj{2A60) are very probably 
conventional cs states with = 0+ and = 1+ [lC| . 
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given. In Section llVl we present the numerical results with all input parameters. The last section is a short discussion. 
The detailed expressions are collected in the appendix. 

II. THE CQM MODEL 

We first give a brief review of the CQM model [13, [2l|. The effective Lagrangian of the CQM model incorporates 
both the heavy-quark spin-flavor symmetry and the chiral symmetry po| 

CcQM = xb-{^d + V)]x + Xl-A-f5X-m,xX+^-fTr[d^'lld^^+]+K{iv-d)K 

-ixiH + S + if^^)K + h.c] + ^Tr[iH + - S)] + ^Tr[r^T^]. (1) 

Here H, S and T denote the super-fields corresponding to the (0^, 1^), (0+, 1+) and (1+, 2+) doublets respectively, 
whose explicit matrix representations are [2^ 

[p;r-pi5i (2) 

[Pill'l^-Pol (3) 
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+ 1^ 
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H = 




S = 
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= 


1 


+ 1^ 



(4) 



P, P*^, Pq and P{* correspond to the annihilation operators of the pseudoscalar, vector, scalar and axial vector 
mesons respectively. They are normalized as 

(0|P|A/(0-)) = Tm^, (0|P*^|A/(1-)) = V^^e^ 

(0|Po|M(0+)) = TMs, {0\Pr\M{l+)) - ^Mse^ 

(0|Pi*"|M(l+)) = y/Ihe", {0\P;'"'\M{2+)) ^ y/M^rf. 

In Eq. Ilj, the fifth term represents the kinetic term of heavy quarks with '^hy = hy. x — S.q{q — d, s) denotes the 
light-quark field with ^ — e and M is the octet pseudoscalar matrix. and A'^ are defined as 

V'-^lii^d'^^ + ^d^e), (5) 
^M = _!(^taM^_^aA.^t). (6) 

An important feature of the effective Lagrangian in Eq. ([T]) is that Ccqm describes the interaction vertex of the 
heavy-meson with heavy and light quarks, which makes the study of the phenomenology of heavy-meson physics at the 
quark level feasible. The CQM model has been applied to study the heavy meson phenomenology [23l. [24. 1251. [26l. \2l\ . 
In Ref. [2^, the semileptonic decays Bg Dgj {2317, 24:60)£D have been studied in the CQM model. In this work, 
we extend the same formalism to the semileptonic decays of P^i and 5*2- The interested readers may also consult 
the review paper of the CQM model in . 

III. THE SEMILEPTONIC DECAYS OF B,i, B*2, Sso AND B^i 

In this section, we calculate the semileptonic decays of P^i, B*2, Pso and P^j in the CQM model. We are interested 

in the semileptonic decay modes of P^i, P*2, Bso and B'^^ including Ds{1968)£D, P'*(2112)^i?, ^^7(2317)^;^ and 
Ds{24:60)£D, which are depicted in Fig. [TJ 

The four-fermion operator describing b ^ c + £D is 

= ^^c-7^(1-75)6^7m(1-75K- (7) 
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FIG. 1: The Feynman diagram depicting the semileptonic decays of -Bsi(-Bs2) ^ Dslv. Here the thick-hne denotes the 
heavy-quark propagator. 



Thus the general decay ampHtudcs of Bsi{B*2,Bso, B^i) Ds{Dl, Dsj{2317, 2460))ep read 

M[{bs) {cs)+ii?] 

= ^^((c.-)|c7^(l-75)6|(6s-))(£j^|z^7^(l-75K|0), (8) 

where we use (cs) and {bs) to denote the charm-strange and bottom-strange mesons, respectively. The hadronic 
matrix element {{cs)\c^'^{l — j5)b\{bs)) has to be calculated using phcnomcnological models, such as QSR and the 
CQM model. Here we adopt the CQM model to calculate the hadronic matrix element. Figure [T] illustrates the 
semileptonic decays Bsi{B*2) Dgii? in the CQM model. 



Interaction 



Vertex 



b — Bsi — s 
b- B*2-s 
b — Bso — s 

c — Ds — s 
c — D* — s 
c - Dso - s 
c- D'si - s 



/mB^iZr "^75 [e • fc - 



{^-v k)] 



-i^mo^Zn 75' 2 



i^mp'^Zs 



T-D'^^Zs ^275 



TABLE I: The interaction vertex for the semileptonic decays of Bsi, B*2, Bso and Bi,i. 



According to Eq. ([T]), we give the interaction vertices in Table U which are related to the semileptonic decays of 
Bsi, B*2, BgQ and B'^i. Here e, 77, ei and 62 denote the polarization vectors of the heavy mesons. Note that we use 
Ds^ and D'^^ to denote Z?sj(2317) and Dsj{2A60) respectively. The normalization constants Zh,s.t are given in Rcf. 

= (AH+m,)^^^+X3(A«), (9) 
Z,' = (A5_,„,)^|^+X3(A5), (10) 



Zt' = ^|(A|-J7i2)[X3(AT) + (m, + AT) 



(At) . 



+ (m, + At)[Xi + 2AtX3(At) + ^^^1 +M^t) + AtIi } (11) 



with the definitions of /o,i 3 listed in the appendix. 
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In terms of the above expressions, we can write the general expression of the hadronic matrix element ((cs)|c7'*(l 
75)6|(6s)) in the CQM model 

{{cs)\cr{l-l5)b\{bs)) 
iN, 



167r4 



4 Tr[7^(l-75)r.(7-/ + m,)rfc] 
{P - ml){v ■ I + a)[v' ■ I + (3) ' 



(12) 



where Ta corresponds to the vertex of the interaction of Bsi{B*2, Bsq, B'^i) with b and s. Th is the vertex describing 
the interaction of charm-strange meson with c and s quarks. Nc denotes the colors degrees of freedom and Nc = 3. 
a{(3) — Ah^s,t denotes the mass difference between the heavy mesons and the heavy quark [20| . 

In the following, by substituting Ta and Fh with the expression listed in Table [H one obtains the hadron matrix 
elements relevant to the semileptonic decays of Bgi and B*2 with the transitions of Bsi{B*2) Dso{D'^^): 



{D,o{v')\r{l-l5)\Bsiiv,e)) 



(13) 



(i?;i(t/, £2)17^1 -75)|S.i(«,e)) 

= ^mB^,mD.J{Lo) [h{v ■ e^)e^ + f2{v' ■ e)el^ + /ii(e* • e)v^ + h2{el ■ + h'^W ■ e){v ■ e*)v'^ 

+th3e^'^Pe;sVxep + ih^e^'^Pelgv'^ep + ih{v' ■ e)£^'^''e^5i^>p 
for the semileptonic decays of Bgi, 



(14) 



{Dso{v')\ril~l5)\Bt2{v,v)) 



(15) 



Vaf3 



(16) 



for the semileptonic decays of B*2. Here u = v ■ v' . 



Bsi 




^/6/l 






^/6/l2 


V6h'2 




VGh4 


Veil 


Ds 


-{co-^ - 1) 






uj-2 


-3 




-{u + l) 






Dso 


-(c^-l) 






LU + 2 


-3 




-(c-l) 






Dl 




u + 1 


2{uj + 1) 




UJ+1 


-3 


UJ + 1 


-(^ + 1) 


3 






-{LO-l) 


2{uj - 1) 


UJ-1 


LU-l 


-3 


-(0.-1) 


-(a;-l) 


3 



TABLE II: The coefficients relevant to the transitions of Bai — > Da, , Dao, D'^i. 



It is worth noting that the Lorentz structures of the matrix elements Bsi{B*2) Dg and Bsi{B*2) I?* are 
similar to those of the transitions of Bgi{B*2) — > Dgo and Bgi{B*2) D'^^ respectively. For different semileptonic 

decay, the coefficients fi, h\ \ g, h are different; they are given in Tables HIllIIII Meanwhile, the form factor C,{uj) for 



5 





f 
J 


f-l 

J -L 


fo 


y 


/l 




ho 


Ds 


iO + 1 






-1 


1 






Dso 


UJ-1 






-1 


1 






Dt 


-1 


1 


1 


-1 




1 


1 


D'si 


-1 


-1 


1 


1 




-1 


1 



TABLE III: The coefRcients relevant to the transitions of _B*2 Ds, D*, Dso, D'^i. 

Bsi{B*2) DsQ{D'gi) should be replaced by ^(w) for Bsi{B*2) — *■ Ds{D*). In the above expressions of the hadron 
element matrices, there exist two independent form factors ^{w) and C(^)- 



Ah' 



CM = A-WZtZs [A2 - As + B2m,] 



Ar,/3=As' 



(17) 



(18) 



Equations P^ - p^ are consistent with the heavy-quark spin- flavor symmetry. The expressions of A2, A3 and B2 
are given in the appendix. Finally, the differential rates of the semileptonic decays of Bsi and B*2 are 



^(i?..-i?.,7'M-(2J+l)487r3 



TUB 



y{Lo'^iy/^e[Bsj,D,j,] 



with 



where 



(19) 
(20) 



(21) 



and r = rriD^^, jmB^j- The allowed integral range for lo is 



< cj - 1 < -^—^ 

2mB,jrnD^j, 



(22) 



For the processes of Bgi Dgii/, Bgi D*£i', Bsi DsqIv and Bsi D'^^lv^ the expressions of Q[Bsi, Dgji] 
are respectively 

Q[B,^,Dso{Ds)] 

= r74^r|C(c.)|'{ [(r^ - 1)/ + (c.' - l){rh^ + /^a)]" + 2(r2 - 2ru + l)[f + (^^ - l)/^^]}, (23) 

e[B.i,D;i(D:)] 

= m%^j\auj)\^[{uj'' - l){[(rc.' - l)/i - (r - c^)/2 + c^(r/ii + /la) + (tc' - l)/i2]^ + 2{rhi + /i2)' 
+2(1 + r^- 2rw)(/2 + /2)} + 2[{ruj - l)/i3 + (r - cj);i4]^ + 2(1 + - 2ra;){(w/i3 + h^f 
+ [/i3+cj/i4 + (w2-l)/i]2}|. (24) 

For the semileptonic decays of i?*2, the 9[i?si, fsj'] read 

e[B:2,A,o(i?.)] 

= ™^^,r|C(c.)P(c.2 - l)[\[{rLU - 1)/ + r(a;2 _ l)g]2 + (1 + - 2ru;)[/2 + {oj' - l)/^^]}, (25) 
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e[B:,,D'^,{Dt)] 





= mi r\C(uj)\'^ (lj^ - dUoj^ - l)i-\-(r-uj)f + uj(rf, + U) 


+ 


(rtj - llol^ + (rf^ + fo)^ 








+ {rhi + h2f + (1 + r2 - 2ru;)(^f + 9^ + hi - 2hl)} + y 


(1 


+ ~ 2ruj){hi + ujh2fy 




(26) 




/ fti h2 










Ds 
Dso 

d: 

D'si 


1 -1 
-1 -1 
l-uj 1 
i^ + l -1 




1 
1 








TABLE IV; The coefficients reievant to the transitions of BsO 




Ds, Dl, Dso, D'si. 






B'si 


/ h h hi h2 h'2 




hz hi 


h 




Ds 
Dso 
Dl 


uj-l - - -1 - 
uj + l - - 1 - 
-11 1-10 
-1-11 10 




1 
1 

-1 1 

-1 -1 










TABLE V: The coefficients relevant to the transitions of Bi,i 




Ds,D*s, Dso, D'si. 







In this work, wc also calculate the semileptonic decays of the B^q and B'^^ mesons in the 5* doublet, i.e. Bsq{B'^^) — > 
D,iD;,Dso,D'^^)£P. For B^o ^ D,a{D',^)iv, we have 

e[B,o,i5so] = m%^j\xHWu;-' - l)(r/ii + h^f , (27) 

= m%^j\x{Lo)\^{[{i^ - r)f + (c.2 - l)[rh, + h^)]^ + 2{r^ - 2ru; + + (c.^ - l)hl]}, (28) 

where 

X(w) = Zs[Bi + B2 + ms]a=As,P=As- (29) 

The e[S^i, Dso] and e[B^.i, D^J functions for the B'^^ Ds[){D[^i)li' decays are similar to Eqs. (I23l)-(l24l) where C(w) 
has to be replaced by the new form factor x{^)- The corresponding parameters and coefhcicnts are listed in Tables 

llvllvl 

For Bso Ds{D*)W, Q[Bso,Ds\ and Q[Bso,Dl\ can be obtained after replacing x(w) by \{uj) in Eq. (PTjl - ipS)) . 
where 



\{uj) ^ \/ ZhZs[Bi - B2 + ms\a=As,l3=AH- (30) 

Similarly, one gets the functions Q[B'g^,Ds] and Q[B'g^,Dl\ for B'^^ — > Ds{Dl)£D with the replacement ({uj) X{uj) 
in Eqs. (Hm-llMl). 



IV. NUMERICAL RESULTS 

We now collect the input parameters: Gp = 1.1664 x IQ-^ GeV-^, Vd = 0.043; Mb,, = 5829.4 MeV, Mb'^ = 
5839.6 MeV, Md, = 1968.2 MeV, Md- = 2112.0 MeV, Md'^^{2317) = 23 1 7.3 McV, Md1,(2460) = 2458.9 Mev'[l]. 
Mb^o = 5718 MeV and Mr- = 5765 f^. m, = 0.5 GeV, A = 1.25 GeV, the infrared cutoff ^l = 0.593 GeV and 
As-Ah = 335 ±35 MeV^. 

In Table IVTl we give the ranges of Ah^s,t for the strange sector, which are given in Ref. [13, H^. In terms of the 
definitions of Zh,s.t in Eqs. ([5|)- PT|) . we obtain the values of Zh.s,t listed in Table IVTl 
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FIG. 2: (a) The dependence of ^{to) on ui. Here the sohd, dashed and dotted hnes correspond to the results with parameters 
(At = 0.84, Ah = 0.5), (At = 0.94, A^ = 0.6), (At = 1.04, A^ = 0.7), respectively, (b) The variation of C(w) with uj. Here 
the solid, dashed and dotted lines correspond to the results with parameters (At = 0.84, As — 0.86), (At = 0.94, As = 0.91), 
(At ~ 1.04, As = 0.97), respectively, (c) The dependence of x{^) on ui. Here the solid, dashed and dotted lines correspond 
to the results with parameters As ~ 0.86, As ~ 0.91, As ~ 0.97, respectively, (d) The variation of with ui. Here the 
solid, dashing and dotted lines correspond to the results with parameters (As = 0.86, Ai/ = 0.5), (As = 0.91, Aj^ — 0.6), 
(As = 0.97, Ah = 0.7), respectively. 



With the above parameters. Fig. [2] illustrates the dependence of the form factors ^(w), C{^)i x{^) a-nd X{u!) on w. 

In Tables IVlIl and IVlIIl we give the decay widths of the semileptonic decays of B^i, B*2, i?sO and B'^^ with the 
three different choices of parameters Ah,s.t listed in Table IVTl Up to now, the CDF and DO collaborations have not 
measured the decay widths of Bgi and -6*2. 



Using the semileptonic decays of Bgi as an example, we show the variation of the differential rates of the semileptonic 
decays of Bsi with u; in Fig. [31 The differential rates of Bgi DgiP and Bgi — > D^lD increase with u; monotonically. 
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Bsi — > 


Bs2 ^ 




(a) 




(b) 




(c) 
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(b) 




(c) 
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1.8 X 10" 


lb 


1.6 X 10" 


lb 


2.1 X 10" 


lb 


1.8 X 10" 


lb 


1.6 X 10" 


15 


D'Jv 


4.9 X 10" 


15 


4.4 X 10" 


15 


3.9 X 10" 


15 


5.0 X 10" 


15 


4.5 X 10" 


15 


3.9 X 10" 


15 




8.7 X 10" 


20 


4.7 X 10" 


20 


6.9 X 10" 


20 


5.6 X 10" 


20 


3.0 X 10" 


20 


4.5 X 10" 


20 




1.0 X 10" 


19 


8.7 X 10" 


20 


1.5 X 10" 


19 


1.2 X 10" 


19 


1.0 X 10" 


19 


1.8 X 10" 


19 



TABLE VII; The decay widths of the semileptonic decays of Bsi and B*2. Here columns (a), (b), (c) correspond to the results 
with the three parameter combinations listed in Table IVll The decay widths are in units of GeV. 
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14 
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1.2 X 10" 


14 


6.4 X 10" 


lb 
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lb 


D*Ju 
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14 


5.9 X 10" 


15 
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14 


2.0 X 10" 


14 


9.1 X 10" 
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1.6 X 10" 


15 


3.9 X 10" 


16 


2.8 X 10" 


15 


4.9 X 10" 


16 


9.6 X 10" 


16 


3.7 X 10" 


15 




1.5 X 10" 


15 


3.3 X 10" 


15 


1.3 X 10" 


14 


2.1 X 10" 


15 


2.7 X 10" 


15 


1.2 X 10" 


14 



TABLE VIII: The decay widths of the semileptonic decays of Bso and B'^i. Here columns (a), (b), (c) correspond to the results 
with the three parameter combinations listed in Table IVTl The decay widths are in units of GeV. 



In contrast, the variation of the differential rates of B^i — > Dso^v and -Bsi ^ D'^^lD with oj are not monotonic. The 
different line shapes of the differential rates of the semileptonic decays of Bsi account for the results of the decay 
widths in Table IVIIl i.e. it tells us why the decay rates for type (c) are not always larger than the results for the 
other types. The same observation holds for the semileptonic decays of i?*2, Sso, B'^^. 
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V. DISCUSSION 

The semileptonic decay of the bottom-strange meson is an interesting topic. Due to the lack of experimental 
information of the excited bottom-strange mesons, theorists mainly focused on the semileptonic decay of Bg using 
theoretical approaches such as the QCD sum rule approach [2^ and the quark model [1^. The observations of i?si 
and B*2 P, Q enrich the mass spectrum of the bottom-strange system greatly. In this work, in order to explore 
the possibility of searching the semileptonic decays of the excited bottom-strange states in the experiments, we have 
calculated B^o, B'^^, B^i, B*^ ^ [0^(1968), D*(2n2), Dsj{23l7), D^j (2460)]^j> in the framework of the CQM model. 

Our numerical results indicate that (1) the decay width of Bsi{B*2) Ds{D*)£D is aroimd 10^^^ GeV, which is 
4-5 orders of magnitude larger than that of Bsi{B*2) Dsj{2317,2460)iD; (2) the decay width of B^ol^^i) ^ 
DsiD*,Dsji2317,24:60))iD is 10"" - IQ-^^ GeV. 

Although the CDF and DO experiments did not measure the decay widths of Bsi and B*2 and the experiments did 
not observe Bso and B'^i, we can roughly estimate the branching ratio of the semileptonic decay of i?si, -Bs2, B^q and 
B[.i. In Ref. [3], one obtains the two-body strong decay widths of Bgi and B*2 as 98 kcV and 5 McV respectively. i?so 
and B'^^ are expected to be narrow resonances with a width around several tens of keV'^ since their main decay 
modes are the isospin violating strong decays and electromagnetic decays. Thus it is reasonable to take the strong 
decay width as the total width approximately for Bsi, Bs2, Bso and B'^^. We further show the order of magnitude of 
the semileptonic decay of Bsi, Bs2, B^q and B'^^ in Table HXl which is convenient for the experimentalist to conclude 
whether the current and future experiments can reach these semileptonic decays. 









B'si — > 
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B's2 


Dsiu 


10-" ~ 


10-"' 


io-« ~ 10-"' 


-10-" 


~ 10-1^ 


D*Ju 


lo-'-* ~ 




10-^ ~ 10-^" 


~ 10-" 


~ 10-1^ 




10-^° - 


10-" 


10-"' ~ 10-" 


~ lo-i*^ 


~ 10-1** 




10-'-* ~ 


10-"' 


10-3 ~ 10-^" 


~ 10-1'' 


~ 10-1^ 



TABLE IX: The estimation of the branching fractions of the semileptonic decays of Bso, B'gi, Bsi and 5*2 according to our 
numerical result shown in Table IVTIl and IVIIII 



From Table Hxl we can exclude the possibility of finding the semileptonic decay of B*2 [Dg, D*, Dgo, D'gi]£D 
and Bsi [Dso, D'si]£v in experiments. However, for Bsi ~* [Dsi D*]£D and the semileptonic decays of Bso and B'si, 
the upper limit of the branching ratio can reach to 10"^. The present precision of the experimental measurement 
of the branching fraction of the B mesons has reached up to IQ-^ ~ IQ-^ .3:]. The decays Bsi ^ [Ds, Dl]£v 
and the semileptonic decays of Bso and B'si may be observed in future experiments. Especially, the forthcoming 
LHCb experiments will produce an enormous amount of data of heavy- flavor hadrons, which is one of the potential 
experiments in which to search the Bsi [Ds, D*]£D and the semileptonic decays of Bso and B'si- Then these 
semileptonic decays will be helpful to further test the structure of Dsj{2317) and Z?sj(2460). In our calculation, we 
have assumed Dsj{2317) and Ds,j{2AQ0) as the charm-strange mesons with = 0+ and 1+. If the experimental 
measurement of these semileptonic decays are consistent with our prediction, it will provide strong support of the cs 
structure for £)sj(2317) and (2460). 
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^ In Ref. 0], authors calculated the isospin- violating strong decay widths of Bgo and -B^j, which are 35 keV and 38 keV, respectively. 
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Appendix 

The definitions of Xo(ck), Ti, T^ia, j3,{jj), 2^(0., (3, uj), 13(a), yl2(a,/3,w), A^(a, (3,ijj),Bi{a., p.oj) and B2{a, (3,uj) are 



^2(q:,/3,w) 

= [(^2 - l)T(a, /3, uj) - QLjU{a, u) 



with 



(31) 



A (a, Aw) 

= {-u}{uj^ - l)T(a,/3,w) + 2(2^2 + l);7(a,/3,w) 

-3a;(5(a, /3, u;) + S{P, a, u;))]/[2{u;^ - 1)^] (32) 



Bi{a,p,Lo) = [ujX{P,a,oj)~X{a,f3,u;)]/[uj^-l], (33) 

B2(a,/?,t^) = [wX(a,At^)-^(/3,a,w)]/[^'-l], (34) 

T{a,P,uj) = Ie{a,(3,uj) + 771^X5(0, /?, w), (35) 

C/(a,/3,t^) =Xi +aX3(a) +/52:3(/3) + a/32'5(a,/3,w), (36) 
5(a,/3, w) =Lo[I,+ /3X3(/3)] + aX3(/3) + a'^Ma, P,uj), 

(37) 

X(a,/?,w) = -X3(/3)-aX5(a,/3,w), (38) 



(39) 



Nc f^'^' dy 



Ma) = J^^^^ ^ exp[-y(m2 - a')] (1 + erf(aVy)) , (41) 
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where 



I5{a,f3,uj) 



= / dx 

/o 1 + 2x2(1 -uj) + 2x{uj - 1) Ll67r3/2 7^/^^ 



2N,_ 



dycre-^(™'-'^')2/-i/2(l + erf (aVy)) 



167r2 



^ , ^ ['^^ 1 

Wo ^1 + 2x2(1 -[j) + 2.t(cj-1) 167r3/2 Jo ^ 1 + 2.t2(1 - cj) + 2x(tj - 1) 



X / dyy 



-3/2g-y(m,-cr 



'){a[l + crf(<7Vy)][l + 22/(m2 - a^)] + 2W| 



3 

2y 



(42) 



(43) 



(1 — a::)a + xP 



^l + 2a;2(l-w) + 2x-(w-l) 



CDF Collaboration, T. Aaltonen et al. , Phys. Rev. Lett . 100, 082001 (2008). 
DO CoUabotation, V.M. Abazov et al., larXiv:0711.0319l [hep-ex]. 
W.M. Yao et al.. Particle Data G roup, J. Phys. G 33, 1 (2006). 
Z.G. Luo, X.L. Chen and X. Liu, larXiv:0901. 0505 [hep-ph]. 

W.A. Bardeen, E.J. Eichten and C.T. HiU, Phys. Rev. D 68, 054024 (2003); P. Colangelo, F. De Fazio and R. Ferrandes, 
Nucl. Phys. Proc. Suppl. 163, 177 (2007). 

J. Lu, W.Z. Deng, X.L. Chen, and S.-L. Zhu, Phys. Rev. D 73, 054012 (2006). 

The Babar Collaboration, B. Aubert et al., Phys. Rev. Lett. 90, 242001 (2003); F. Porter, Eur. Phys. J. C33, 219 (2004). 
The Belle Collaboration, P. Krokovny et al., Phys. Rev. Lett. 91, 262002 (2003). 
The CLEO Collaboration, D. Besson et al., Phys. Rev. D 68, 032002 (2003). 
S.L. Zhu, Int. J. Mod. Phys. E 17, 283-322 (2008). 

W.A. Bardeen, E.J. Eichten and C.T. HiU, Phys. Rev. D 68, 054024 (2003); M.A. Nowak, M. Rho and I. Zahed, Acta 
Phys. Polon. B 35, 2377 (2004); E. Kolomeitsev and M. Lutz, Phys. Lett. B 582, 39 (2004). 
K.T. Chao, Phys. Lett. B 599, 43 (2004). 

E. van Beveren and G. Rupp, Phys. Rev. Lett. 91, 012003 (2003); E. van Beveren and G. Rupp, Eur. Phys. J. C 32, 493 
(2004). 

Y. B. Dai, C. S. Huang, C. Liu, S. L. Zhu, Phys. Rev. D 68, 114011 (2003). 

S. Narison, Phys. Lett. B 605, 319 (2005). 

Y. B. Dai, X. Q. Li, S. L. Zhu and Y. B. Zuo, Eur. Phys. J. C 55, 249 (2008), arXiv: 'hep-ph/0610327" 

Y.Q. Chen and X.Q. Li, Phys. Rev. Lett. 93, 232001 (2004); A.P. Szczepaniak, Phys. Lett. B 567, 23 (2003); T.E. Browder, 

S. Pakvasa and A.A. Petrov, Phys. Lett. B 578, 365 (2004). 

H.Y. Cheng and W.S. Hou, Phys. Lett. B 566, 193 (2003). 

T. Barnes, F.E. Close and H.J. Lipkin, Phys. Rev. D 68 054006 (2003); A.P. Szczepaniak, Phys. Lett. B 567, 23 (2003). 
A. Deandrea, N. Di Bartolomeo, R. Gatto, G. Nardulh and A. D. Polosa, Phys. Rev. D 58, 034004 (1998); A.D. Polosa, 

Riv. Nuovo Cim. 23N11, 1, 2000. 

D. Ebert, T. Feldmann and H. Reinhardt, Phys. Lett. B 388, 154 (1996); T. Feldmann, arXiv: |hep-ph/9606451[ D. Ebert, 
T. Feldmann, R. Friedrich and H. Reinhardt, Nucl. Phys. B 434 619 (1995). 
A.F. Falk and M.E. Luke, Phys. Lett. B 292, 119 (1992). 

A. Deandrea, N. Di Bartolomeo, R. Gatto, G. Nardulh and A.D. Polosa, Phys. Rev. D 58, 034004 (1998); A. Deandrea, 
R. Gatto, G. Nardulh and A.D. Polosa, Phys. Rev. D 59, 074012 (1999); A. Deandrea, R. Gatto, G. Nardulh and A.D. 
Polosa, J. High Energy Phys. 02, 021 (1999); A. Deandrea, R. Gatto, G. NarduUi and A.D. Polosa, Phys. Rev. D 61, 
017502 (1999); A.D. Polosa, arXiv: hep-ex/9909371 

X.H. Guo, H.W. Ke, X.Q. Li, X. Liu and S.M. Zhao, Commun. Theor. Phys. 48, 509-518 (2007)j_ 
X. Liu, Y.M. Yu, S.M. Zhao and X.Q. Li, Eur. Phys. J. C 47, 445 (2006), ,ar Xiv:hep-ph/05 10146 
S.M. Zhao, X. Liu and S.J. Li, Eur. Phy. J. C 51, 601-606 (2007), [arXi^?hep-ph/0612008 
A. Deandrea, G. Nardulh and A.D. Polosa, Phys. Rev. D 68, 097501 (2003). ' 
A.Deandrea, R.Gatto, G.Nardulh and A.D.Polosa, JHEP 9902 021 (1999). 



arXiv:hep-ph/0510146 



12 



[29] M.Q. Huang, Phys. Rev. D 69, 114015 (2004); T.M. Aliev and M. Savci, Phys. Rev. D 73 114010 (2006); T.M. Aliev, K. 
Azizi and A. Ozpineci, Eur. Phys. J. C 51, 593-599 (2007), arXiv: ,hep-ph/0608264, 



